understood. While some research suggests that anger and aggressiveness increase owing to traffic congestion or the poor driving of others, the results of available studies have shown inconsistent evidence (8) . Epidemiological research has linked anger and aggressive driving to psychiatric problems. Many types of violence are more common among those with psychiatric problems. For example, the Epidemiological Catchments Area studies in the US found that, of those reporting violent behaviour, 30% met the criteria for some psychiatric disorder (9) .
Whether psychiatric distress is, in fact, associated with road rage is an important question, with very little research done so far. Exposure to violence and threat can have long-lasting psychological effects, such as posttraumatic stress disorder and depression (10) (11) (12) . Being a victim of road rage in its more serious forms could thus exert effects similar to exposure to other forms of violence and abuse (11, 13) and could result in increases in self-reported depression and other problems among those exposed. However, this possibility has not yet been tested. Fong and others reported on psychiatric morbidity and road rage in a sample of 131 people in general practice clinics in England (14) . They found that, in small samples of victims and perpetrators, scores on the Clinical Interview Schedule were higher for both perpetrators and victims of road rage than for control subjects, but there were no differences on the Screening Test for Comorbid Personality Disorders, Alcohol Problems scores, or the Life Events Schedule.
Many road rage perpetrators display exceptionally high levels of aggression for little or no apparent reason. Recent clinical research (15, 16) has assessed the presence of intermittent explosive disorder (IED) in aggressive drivers. IED refers to recurrent, problematic, impulsive, and aggressive behaviour that has been linked to genetic, biological, and epidemiologic correlates (17) . This research demonstrates that aggressive drivers, particularly those drivers who have been courtreferred for psychiatric treatment, are more likely to meet the criteria for IED as well as anxiety disorder (17) . While road rage in the current context is more broadly defined to include less innocuous forms of aggression (such as shouting and verbal threats), it is apparent that more extreme forms of road rage may have important clinical implications.
Existing research has treated road rage as a more or less unitary dimension among victims and perpetrators. In a previous study, we observed a substantial but not complete overlap between being a road rage victim and perpetrator (18) . This observation suggests the existence of subgroups of road rage victims and perpetrators that may differ on important dimensions including indicators of psychiatric distress. Clinically significant subgroups or clusters of individuals have been found among convicted drinking drivers and alcohol abusers, among other groups (19, 20) .
We report a study of road rage and psychiatric distress based on a large representative sample of adults in Ontario. The General Health Questionnaire (GHQ; 21, 22) is used as an indicator of current psychiatric distress. We hypothesize that psychiatric distress scores would be higher for victims than perpetrators of road rage and that these differences would be even greater for those involved in more road rage incidents and for those involved in more serious cases of road rage. We develop a clustering of road rage cases based on the type and frequency of road rage behaviour to examine differences in mental health among different groups of people affected by road rage.
Methods
The data for this paper are drawn from the Centre for Addiction and Mental Health (CAMH) Monitor, a repeated cross-sectional telephone survey of Ontario adults conducted by the CAMH and administered by the Institute for Social Research at York University, Toronto. Each cycle of the CAMH Monitor is regionally stratified and consists of 12 independent monthly samples (January to December). Respondents are selected via random-digit-dialing methods with the help of computer-assisted telephone interviewing. Monthly sample sizes were between 212 and 240 respondents, with response rates that ranged from 56% to 61%, rates similar to recent Canadian household surveys. Overall, these data are representative of Ontario adults aged 18 years and over (22) . Data from July 2001 to June 2002 are employed, with a total sample of 2610.
Road rage indicators are adopted from a taxonomy of road rage behaviour developed by Smart and Mann (5) . Two sets of 4 indicators are employed: one set directed at experiences of road rage victimization and the second set focusing upon road rage offending. These indicators quantify the frequency of involvement in progressively more severe forms of road rage behaviour, beginning with general expressions of anger and frustration directed at other drivers (for example, waving hands, gesturing, and shouting) to physical intimidation (for example, tailgating, cutting in and out, and blocking traffic on purpose), verbal threats, physical injury, damage to other vehicles, and death. A similar set of road rage items has been developed and successfully tested in empirical studies of road rage in the US (4, 6) . Descriptive statistics for these items are presented in Table 1 .
The psychiatric distress indicator used is the 12-item version of the GHQ (21, 22) . It is a widely used scale useful in detecting nonpsychotic psychiatric illness and capturing psychological distress, anxiety, and social functioning in particular. A large number of studies have established the validity (24) (25) (26) (27) and reliability of the GHQ when used in general population samples (28) (29) (30) . We use the binary scoring system for the GHQ with the standard cut point of two-thirds for classifying people as showing symptoms of psychiatric distress (22, 31) .
Six demographic measures (sex, age, employment status, marital status, educational attainment, and geographic locale) are adopted to control for variations in road rage and mental health. Age is a continuous measure; sex, employment status, and geographic locale are dichotomous measures; and marital status and educational attainment are categorical measures. Table 1 provides a demographic profile of survey respondents. Descriptive statistics presented in Table 1 are not weighted; however, bivariate (see Table 2 ) and cluster analysis (see Table 3 ) results are weighted to account for sampling and poststratification adjustments (23) .
Data analysis occurs in 3 stages. First, a statistical overview of each road rage measure and the GHQ is provided, as well as a description of how each measure varies across demographic indicators (that is, sex, age, education, marital status, and urban vs rural). Next, an agglomerative clustering procedure is employed to develop a typology of road rage behaviour and to determine whether individuals form distinct groups based on their patterns of road rage involvement as either a victim or offender. Cluster analysis is used to identify distinct groups of relatively homogenous entities (32) . As Aldenderfer and Blashfield note, "A clustering method is a multivariate statistical procedure that starts with a data set containing information about a sample of entities and attempts to reorganize these entities into relatively homogenous groups" (33, p 7). Finally, after the road rage typology is created, differences in GHQ reporting and demographic indicators are explored. Our goal is to assess whether types of road rage are linked with psychiatric distress and other demographic patterns. Multivariate analysis of variance (MANOVA) procedures are employed to tests for among-group differences for all indicators in the cluster analysis. The goodness of fit of the resulting cluster solution is confirmed with F-tests and other post hoc tests specific to cluster analysis. Table 2 shows the bivariate distributions for any road rage victimization and offending across demographic subgroups. We can see significant differences in both victimization and offending across various characteristics. Approximately 40% of men indicate involvement in road rage as a perpetrator, a rate significantly higher than that for women (around 27%). Similarly, men are also more likely to be road rage victims (49.2% vs 43.8%); however, these differences are less pronounced. A greater proportion of individuals aged 18 to 29 years have experienced road rage victimization and offending, while those aged 65 years and over are significantly less likely to be victims and offenders. Differences for other age groups are nonsignificant for victimization, although those aged 30 to 39 years are more likely to be road rage offenders, while 50-to 64-year-olds are significantly less likely to offend.
Results

Levels of Road Rage Reporting
Compared with the mean level of educational attainment, those with less than a high school education are significantly less involved in road rage as either a victim or offender (39% and 25%), while a greater proportion of those who have completed university have been the victims of road rage (53%). Individuals with some postsecondary education also exhibit levels of road rage offending (38.1%) that are significantly greater than the mean. Similarly, full-time employment is associated with being a victim of road rage (49.0% vs 43.6%) and a road rage offender (37.3% vs 27.5%). Marital status and residential location are also linked to road rage. A greater proportion of respondents who have never been married report involvement in road rage as both a victim and offender, compared with those individuals who are married or previously married. Those residing in an urban locale experienced greater victimization (48.2% vs 35.2%) and are more involved in offending (33.7% vs 25.2%) than rural residents.
The next 2 rows in Table 2 show the percentage of road rage offenders who have experienced victimization in the past year and the percentage of road rage victims who admit to road rage offending. In both instances, there is a substantial and significant overlap. Three-quarters of road rage victims admit to involvement in road rage offending in the past year, while more than one-half of road rage offenders have experienced victimization in the past year. The last row in Table 2 describes the GHQ levels of road rage victims and offenders. At a bivariate level, a greater proportion of individuals reporting psychiatric distress have experienced road rage victimization. Fifty-five percent of individuals reporting more than 3 symptoms on the GHQ have experienced road rage victimization in the previous year. There are no significant differences in road rage offending.
Levels of Symptom Reporting
Turning to symptom reporting, the third column of Table 2 describes demographic subgroup differences for GHQ levels of 3 or more. More men and young people exhibit GHQ scores of 3 or more then women or older individuals. Educational attainment is unrelated to GHQ score, while those reporting full-time employment had significantly lower GHQ scores.
More respondents who were previously married have high psychiatric distress relative to those currently married and those never married. Residential locale exerts no significant influence on psychiatric distress. Finally, respondents who have experienced road rage victimization in the past year are significantly more likely to report a GHQ score of 3 or higher (16.0% vs 11.2%), compared with those who had no victimization experiences. Again, there is no link between road rage offending and levels of psychiatric distress.
A Typology of Road Rage Behaviour
Clustering proceeds in 3 distinct stages, the structure-seeking phase, the classification phase, and the validation phase. For the structure-seeking phase, a hierarchical agglomerative clustering analysis is used to explore the "natural" number of clusters in the data. In the classification phase, an iterative partitioning method (k-mean) is employed on the full sample. These 2 approaches are complementary: the first method determines the initial number of clusters in the data but is useful only with limited sample sizes, while the second confirms cluster composition for large samples but is only used if the number of groups (clusters) is known a priori. The validation phase is important for confirming the validity and meaningfulness of the resulting cluster solution.
Structure-Seeking Phase
A subsample of 260 subjects (10% sample) is randomly drawn from the total sample for the structure-seeking phase. A hierarchical agglomerative clustering procedure is run on the subsample. Specifically, average linkage is used as the clustering method, with a squared Euclidean distance measure for computing dissimilarity between subjects. An average linkage method computes an average of the similarity of a case with all cases in the existing cluster and joins the case to that cluster if a given level of similarity is achieved (34) . There is no standard objective method to determine the optimal cluster solution (32) , and the key decision is when to stop clustering (33) . The structuring of the data (both the size and number of clusters) is contingent on the selected method of clustering. The predominant methods of determining cluster size are an examination of the agglomeration schedule for changes in the agglomerative coefficient and a visual inspection of the tree dendrogram for key cut points. The former approach is followed here, as this is generally accepted as the more formal approach (33) . Inspection of the hierarchical agglomerative schedule indicates the presence of 5 clusters. Within-cluster variable means were saved in a separate file and used as initial seeds (starting centroids) in a subsequent k-mean cluster analysis of the full sample (34) .
Classification Phase
A k-mean clustering procedure is next used to classify the full sample of 2610 cases. Using the cluster centroids from the hierarchical clustering procedure, a 5-cluster solution is specified as part of a k-means cluster analysis of the full sample. Given these initial cluster centres, the clustering program classifies each case to the group with the closest centre, computes the new cluster centres, and relocates cases to the newly formed clusters. Examination of the F-test and the Eta-squared results indicates that all variables in the procedure were statistically significant at P < 0.01. The Eta-squared denotes the amount of explained variance in the cluster from each variable included in the cluster (similar to r 2 ) and confirms whether the mean of each variable differs between clusters. Table 3 outlines cluster membership based on the k-means clustering solution, as well as the F-statistics and Eta-squared for each variable in the cluster model. A MANOVA test (using least squared differences) is performed to evaluate group differences based on the variables included in the clustering model. If the clustering solution is correct, the means for most variables in the analysis should be distinct for each cluster (or from the variable mean). Table 3 presents patterns of road rage, mental health, and demographic indicators for each of the 5 clusters. The largest cluster (Cluster 5) comprises 1188 individuals who report little or no involvement in road rage. Respondents in this cluster have significantly lower levels of psychiatric distress. Demographically, a higher proportion of this cluster are women with an average age of over 46 years, which is significantly older than the sample mean (43 years). Educational attainment, employment status, marital status, and residential locale are situated around the mean for this cluster. The remaining 4 clusters are significantly more involved in road rage as a victim, an offender, or both.
Validation Phase
The second largest cluster (n = 612) is the verbal victims (Cluster 2). Members of this cluster experience significantly greater verbal victimization and are significantly less involved in road rage offending. Their involvement with other types of road rage hovers around the sample mean, as does their mental health. Moreover, respondents in this cluster are situated around the mean for all demographic indicators. The verbal victim-offenders cluster (Cluster 4) is the third largest, with 336 individuals. Members of this cluster have elevated levels of verbal road rage as both a victim and offender but average or lower-than-average involvement in all other types of road rage, mental health, and demographic indicators. The verbal-threat offenders (Cluster 1) is the second smallest cluster with 237 members. These individuals report significantly greater levels of verbal road rage perpetration, either verbally or through threats to hurt others, relative to the mean. However, their experiences with other types of road rage are minimal. Members of this group are also significantly more likely to be men and younger (37.5 years), although there are no other demographic differences.
The smallest cluster, with 69 members, contains the most serious offenders (referred to hereafter as the hard core road rage perpetrators). Respondents in this cluster are significantly different from other clusters in several ways. They report elevated levels of involvement in all forms or road rage offending and have experienced significantly higher rates of all types of road rage victimization. In particular, it is the only cluster to be significantly involved in the 2 most serious forms of road rage: attempting to damage other person's car and attempting to hurt others. Moreover, this is also the only group to report significantly more experience with these same types of road rage as victims. A far larger proportion (27.5%) of this cluster score 3 or more on the GHQ scale, indicating substantial levels of psychiatric distress. This rate is more than double the sample average and more than 10% higher than the next nearest cluster (the verbal victims). Respondents in this cluster are more likely to be men and have the youngest average age (34.5 years). Moreover, they are the least likely to be married or living common-law. While they report the lowest mean level of educational attainment and are the most likely to live in an urban locale, these differences are not significant from the mean.
Overall, the differing levels of psychiatric distress evident across clusters, as well as differences in sex, age, and marital status, provide a degree of external validity to the cluster solution. Moreover, repeated clustering of multiple subsamples from the data (not reported here) confirms the presence of a 5-cluster solution. The cluster solution represents a significant improvement over the null model that assumes no clusters are present. Additionally, the number of clusters is small, while the relative size of each cluster is not too small. Collectively, these criteria imply a good model fit for the data.
Discussion
The results of this study show that road rage is more likely for men, those aged 30 to 39 years, those with higher educational levels, those living in urban areas, and those never married. Those who were victims of road rage were more likely to report psychiatric distress on the GHQ, but there was no similar effect for road rage offending. A cluster analysis of road rage behaviour found 5 groups: those with little or no involvement, verbal-threat offenders, verbal victims, verbal victimoffenders, and hard core road rage perpetrators. Only the hard core road rage perpetrators had significantly higher scores (3 or greater) on the GHQ, indicating greater psychiatric distress in this group.
In general, the results confirm our hypotheses. Psychiatric distress scores were high for road rage victims in the preliminary analyses and highest among those with the greatest involvement in road rage incidents (the hard core road rage cluster). Those with little or no involvement in road rage had the lowest GHQ scores, as expected. There was a suggestion that the verbal victims cluster also had high psychiatric distress, but the results were not significant.
We note especially the GHQ results for the hard core road rage group. Their GHQ scores were far higher than for those with little or no involvement in road rage or other cluster groups. These results show clearly that those with a heavy involvement in road rage incidents have elevated levels of psychiatric distress. This confirms and extends the finding of Fong and others (14) and is also consistent with studies of violence and mental health (8, 9) . Although our correlational findings are of substantial interest, we cannot show that road rage directly results from, or directly affects, the mental health of drivers. Prospective investigations would be needed to examine these issues of cause and effect and to assess the impact of potentially important covariates such as driving exposure.
Additionally, clinical research on aggressive drivers suggests that road rage, as defined here, may be part of a larger psychiatric phenomenon (14) (15) (16) (17) . The more extreme forms of road rage involving physical threats and violence, a common activity of the hard core road rage group, appear to fall within the criteria for IED. Thus, the current study demonstrates a relation between serious road rage and psychiatric distress, particularly as a response to road rage victimization, and it is possible that serious road rage is associated with the clinical disorder of IED.
The GHQ questions deal mainly with anxiety, stress, and depression, and there are no questions on aggression or violence. Further research would be needed to assess violent tendencies among road rage perpetrators, with a special interest in the most serious offenders. It may be that road rage represents 1 manifestation of a general tendency toward violence and aggression. Therefore, more research is needed on other types of violence among road rage perpetrators (for example, domestic violence and assault) to assess the presence of a general violence syndrome.
We should also note that the study reveals a relatively small sample (n = 69) of hard core road rage perpetrators, representing approximately 2.8% (69/2440) of the full sample. While these individuals may or may not be regular drivers, they have experienced road rage as a victim or offender. When extrapolated to the current population of Ontario residents (11 895 000 × 0.028 = 333 060), we see that the potential number of hard core road rage perpetrators in Ontario is quite large. Moreover, the observation that 27% of hard core road rage perpetrators experience elevated levels of psychiatric distress further stresses the need to understand the nature of road rage and its link to mental health. Our results clearly suggest that psychiatric distress is an important factor, at least for those identified as the most heavily involved in road rage; however, more work is needed to determine whether psychiatric problems lead to road rage, whether road rage leads to psychiatric problems, or whether both processes may be occurring. 
Résumé : La détresse psychiatrique chez les victimes et les auteurs de violence routière
Objectif : Examiner les relations entre la détresse psychiatrique et la violence routière, en portant une attention particulière au lien potentiel entre la maladie psychiatrique et la participation fréquente à des formes sérieuses de violence routière.
Méthode : Cette étude révèle des données sur la participation à la violence routière, les caractéristiques démographiques et la santé mentale d'un échantillon représentatif de 2 610 adultes en Ontario. L'indicateur de santé mentale était le Questionnaire sur l'état de santé général en 12 questions.
Résultats : Une analyse typologique a révélé 5 groupes distincts de personnes affectées par la violence routière. Les contrevenants les plus sérieux (ci-après désignés de groupe irréductible de violence routière), représentant 5,5 % des personnes affectées, affichaient une participation fréquente aux formes les plus graves de la violence routière et étaient les plus susceptibles (27,5 %) de déclarer une détresse psychiatrique.
Conclusions : La violence routière, particulièrement les expériences de victimisation, est liée à la détresse psychiatrique. Les preuves de détresse psychiatrique étaient les plus élevées chez les contrevenants irréductibles de la violence routière, des personnes qui se distinguent par leur participation fréquente à une conduite gravement agressive et violente. Il faut davantage de recherche sur la violence et la violence routière, et sur leur lien avec la santé mentale.
